Objective: We investigated the relationships between body weight (BWt) and metabolic syndrome (MS) risk factors to elucidate the effect of BWt (ΔBWt) change and body mass index (BMI) on these factors in the Japanese population.
Introduction
Obesity is associated with increased morbidity and mortality, including hypertension (HTN), diabetes (DM), dyslipidemia (DL), and renal disease (Nguyen, 2012; Yoon, 2006; Hsu, 2006; WHO, 2013) . Both the prevalence of obesity and obesity-related diseases has been increasing worldwide (Siervo, 2014; Finucane, 2011) . The World Health Organization (WHO) criteria for overweight and obesity are currently a body mass index (BMI) >25 and a BMI >30, respectively. However, these criteria have often been found unsuitable for Asian Many studies conducted in western countries have indicated that body weight reduction improves response and outcome in treating HTN and other diseases (Winnicki, 2006; Fogari, 2010; Neter, 2003) . However, as these studies only examined overweight or obese patients with a BMI >25 kg/m 2 , their findings might not be directly applicable to Asian populations with lower BMI profiles. As few studies have examined the effect of ΔBWt on patients with lower BMIs, little evidence has been accumulated. To fill this research gap, this study retrospectively examined a large group of Japanese persons to elucidate the relationship between BWt and MS risk factors and analyzed the effect of ΔBWt on these factors.
Methods

Study Design
A retrospective, observational, comparative design was used to perform this non-intervention study.
Study Population
The Fukuoka Foundation for Sound Health, Fukuoka, Japan, conducts various medical examinations of over 200,000 people annually. Medical records contained in the Fukuoka Foundation database were reviewed to select participants who met the inclusion criteria of having undergone medical examinations in both 2006 and 2011 during which height, BWt, and blood pressure (BP) were measured and did not meet the exclusion criteria of having undergone treatment for HTN, DL, or DM until 2011. Records of 16,640 men and 10,184 women were extracted anonymously and stored in an isolated computer for off-line analysis. Age, sex, weight, height, BMI, systolic BP (SBP), diastolic BP (DBP), low-density lipoprotein cholesterol (LDL-C) level, high-density lipoprotein cholesterol (HDL-C) level, triglyceride (TG) level, fasting blood glucose (FBG) level, and hemoglobin A1c (HbA1c) were examined. Because the direct measurement of serum LDL-C was not available in 2006, LDL-C values were calculated using Friedwald's equation as follows: Total cholesterol -HDL-C -TG / 5.33 (Miller, 2010) . Because of the efficacy of this equation, patients with a calculated LDL-C <50 and >350 mg/dl were excluded (Miller, 2010) .
Ethical Considerations
All participants provided informed consent for the anonymous analysis of their personal data at interviews prior to the medical examinations. The Internal Review Board of Medical Ethics at the College of Healthcare Management approved this study.
Evaluation of Parameters and Methods
Subject Categorization
The study began with categorization of the subjects into BMI groups according to the 2006 data. Instead of categorizing the participants as underweight (BMI <18.50), normal weight , in order to show the relative relationships with BWt and its change within the participants. Although our categorization was arbitrary, medium BMI group of each sex contained overall means of BMI. The means of the groups were then statistically compared by sex.
Evaluation of Effect of Change in Body Weight Between 2006 and 2011
To examine the effect of change in BWt (ΔBMI) between 2006 and 2011 on the parameters examined, the subjects were categorized into the decreased BMI (ΔBMI ≤-1.1; 2319 men and 1483 women), stable BMI (ΔBMI -1.1-1.1; 5998 men and 3116 women), and increased BMI (ΔBMI ≥1.1; 6576 men and 2097 women) groups. Fig. 1 shows the distribution of BMIs in 2011 plotted against BMIs in 2006 and gives the visual image of the changes of BMIs in 5 years. Men and women were grouped according to the same criterion because it seemed to satisfy our common sense of gaining/losing weight among Japanese. The mean values of the parameters of the groups were then statistically compared. Note. Each circle represents one subject. Subjects were divided into the decreased BMI (ΔBMI ≤ -1.1; blue), stable BMI (ΔBMI -1.1-1.1; yellow), and increased BMI (ΔBMI ≥1.1) groups based on change in BMI; (A) Male subjects; (b) Female subjects.
Statistical Analysis
Software and Level of Significance
We used Statistical Package for the Social Sciences (SPSS) ver.17.0 (SPSS, Inc., Chicago, IL, USA) for all statistical analysis. Statistical significance level was set at p<0.05.
Cross-Sectional Comparison
Cross-sectional comparison began with performance of the Levene test to determine the equality of variance among the BMI groups. On the basis of the results, the means of the parameters of the BMI groups were compared using either one-way ANOVA or Welch's test. To correct for the level of significance, the Games-Howell test was performed to compare the mean values among the groups of each sex. Changes in the means of the parameters in each group were tested with the paired t-test. Table 2 shows the distribution of the parameters of the 16,640 men and 10,184 women examined in this study. Compared to the female subjects, the male subjects were slightly younger (mean age 45.0±12.2 years vs. 41.7±11.6 years; p<0.001) and had a higher mean BMI (21.4±3.1 vs. 23.1±3.2; p<0.001). For both sexes, the distribution of BMI was similar to that found in a 2006 NHNSJ survey, with few subjects having a BMI >30 (Figure 2 ). Note. N: number of subjects after selection criteria were applied; SD: standard deviation; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; HbA1c: hemoglobin A1c; FBG: fasting blood glucose. Table 3 shows the mean and standard deviation (SD) values and Table 4 shows the results of the analysis of changes in the parameters of the BMI groups of each sex. Mean values of every parameter differed among the three BMI groups of each sex. For the male subjects, further comparison revealed that the mean values of every parameter except for the mean HbA1c level significantly differed between the low and medium BMI groups. In all groups, the mean SBP and mean DBP values were within normal range. However, the low BMI groups of both sexes had the lowest values and the high BMI groups had the highest values. The differences among the groups were statistically significant. The same trends were seen regarding the LDL-C, TG, and FBG levels in both sexes and the HbA1c in women. As to HbA1c in the male subjects, the high BMI group had a higher mean than the other two groups. And for the mean HDL-C levels, the low BMI groups of both sexes had the highest values, while the high BMI groups of both sexes had the lowest values. As it is generally understood that higher BP, LDL-C, TG, HbA1c, and FBG levels and lower HDL-C levels are unfavorable, the results indicate that higher BMI was related to unfavorable values of these parameters. Note. N: number of subjects after selection criteria were applied; SD: standard deviation; BMI: body mass index (kg/m 2 ); SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; HbA1c: hemoglobin A1c; FBG: fasting blood glucose; low BMI: BMI <20.9; medium BMI: BMI 20.9-23.5; high BMI: BMI ≥23.5; ANOVA: analysis of variance; L vs. M: comparison of low BMI and medium BMI groups; M vs. H: comparison of medium and high BMI groups; H vs. L: comparison of high and low BMI groups; a Games-Howell comparison was used to analyze the differences between the means of the BMI groups; L: low BMI group is significantly greater at p<0.0001; M: medium BMI group is significantly greater at p<0.0001; H: high BMI group is significantly greater at p<0.0001; n.s.: not significant. c orange highlighting indicates a significant increase in the mean serum parameter value; n.s., not significant Table 4 shows changes of parameters and BMI values using the paired t-test. In men, means of SBP and means of DBP of decreased and stable BMI groups significantly decreased from 2006 to 2011. In contrast, mean of SBP and mean of DBP of the increased BMI group significantly increased over this period. In women, means of SBP and means of DBP of the decreased and stable BMI groups significantly decreased, while mean of SBP of the increased BMI group increased. But mean of DBP of increased BMI group did not change significantly.
Results
Distribution of Parameters
Cross Sectional Analysis of 2006 Data
Evaluation of Changes of Parameters and BMI
Changes in HDL-C and LDL-C Levels
The mean HDL-C levels of all BMI groups of both sexes significantly increased. The largest increases in the mean HDL-C levels of both sexes occurred in the decreased BMI groups, suggesting that BWt reduction has a favorable effect on serum HDL-C levels in both sexes. In contrast, the mean LDL-C levels significantly deceased in the decreased and stable BMI groups in both sexes, but significantly rose in the increased BMI groups in both sexes. Unfavorable changes in serum LDL-C levels were thus only observed in the increased BMI groups of both sexes.
Changes in TG Levels
In men, the mean TG level decreased significantly in the decreased BMI group, did not change significantly in the stable BMI group, and increased significantly in the increased BMI group. In women, the mean TG level decreased significantly in the decreased BMI group, but increased significantly in the stable and increased BMI groups. These results indicate that BMI decrease both in men and in women has a favorable effect on serum TG levels.
Changes in FBG Levels and HbA1c
In men, the mean FBG level of the decreased BMI group did not change significantly, whereas the mean FBG levels of the stable and increased BMI groups increased significantly. Likewise, while the mean HbA1c of the decreased BMI group of men did not change significantly, the mean HbA1c of the stable BMI and increased BMI groups increased significantly. In women, the mean FBG levels of the decreased BMI and stable BMI groups significantly deceased, while the mean FBG level of the increased BMI group increased significantly. Although the mean HbA1c of the decreased BMI group of women did not change significantly, the mean HbA1c of the stable and increased BMI groups increased significantly.
Discussion
To retrospectively examine the relationship between BWt and MS-related parameters in apparently healthy Japanese and determine the effect of BWt changes on these parameters over a 5-year observation period, we www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 5; conducted a non-interventional study using data from the health records of nearly 27,000 individuals between 2006 and 2011. Our present findings may be applied to other Asian populations for which WHO criteria for obesity have been reported to be unfit (WHO Expert Consultation, 2004; Wulan, 2010; Stevens, 2003; Kagawa, 2006; Examination Committee, 2002) .
Results of Comparison of Parameters by BMI
Simple comparison among the three BMI groups of each sex revealed that high BMI was related to unfavorable mean values of every parameter, regardless of the fact that the mean values remained within normal ranges. Although we did not conduct linear regression analysis that might have provided more descriptive, quantitative explanations of the relationships between BMI and the parameters, our results supported the simple message that being overweight is detrimental to serum lipid profile and blood sugar by changing blood pressure. One of our aims was to provide participants with a simple message for their daily lives, which we believe was successfully achieved. Of note, the division of subjects into low, medium, and high BMI groups according to the actual distribution of BMI for analysis was simple and quite useful.
Effect of Change in BMI on MS-Related Parameters
We set relatively arbitrary criteria for grouping subjects according to BMI changes: decreased BMI (ΔBMI ≤ −1.1), stable BMI (−1.1 < ΔBMI < 1.1), and increased BMI (1.1 ≤ ΔBMI), where ΔBMI was the difference in BMI between 2006 and 2011. Stayed BMI meant that BWt stayed within ±3.18 kg of the BWt in 2006 for a person who is 170 cm tall. Categorization of "stable BMI" fell under the category of "stable BMI" that had been defined as no more than ± 1.2 kg/m 2 change in BMI over 6 years in previous reports (Lloyd-Jones, 2007; Korkeila, 2009 ). Use of this criterion appeared reasonable when assessing BWt changes over a 5-year period in the current study.
Changes in BPs Levels
Findings of the intergroup analysis of BP values were quite interesting. Mean BP in both the decreased BMI and stable BMI groups were markedly reduced by more than 2 mmHg-this is the magnitude of BP change that has been reported to dramatically reduce the risk of comorbidities due to hypertension. These findings suggest that losing or at least not gaining weight may keep BP from rising in both sexes, whereas gaining more than 1.1 BMI unit may raise SBP in both sexes and DBP in men. These findings appear to contradict the current understanding of the relationship between age and BP to some extent--particularly, the belief that BP tends to increase with age. The results of the Framingham Heart Study, which indicated that individuals tended to experience a linear increase in SBP between the ages of 30 and 84 years (Franklin, 1997) , were supported by the finding that prevalence of hypertension increases with age in both the United States and Japan (Yoon, 2012) (Table 5) .
One explanation for this discrepancy between the present and previous findings is that 5 years is not a sufficient period for adequately clarifying the relationship between age and BP changes, which may require 15 to 20 years of observation. Another explanation is that BWt reduction contributed to SBP decrease or prevention of SBP increase, and that stable BMI affected changes in BP to some extent. While 5 years is admittedly a relatively short duration for examination, our findings nevertheless suggest that maintaining a stable weight assists in decreasing BP over 5 years, and possibly 10 years. This implication is clinically significant, as delaying the onset of hypertension for as long as 10 years would greatly benefit both individuals and communities. Previous studies have reported a significant relationship between BP and BMI (Dyer, 1989) , and we believe our findings support these results.
Changes in HDL-C Levels
In all BMI groups of both sexes, the mean serum HDL-C levels increased significantly from 2006 to 2011, with the largest increases occurring in the decreased BMI groups. Results of several previous studies of the relationship between HDL-C levels and age were not uniformly conclusive, with some finding that HDL levels declined with age and others noting no marked changes (Ferrara, 1997; Criqui, 1983; Ettinger, 1992) . While the reason for the increase in HDL-C levels of all groups is unclear, it is noteworthy that the largest increases occurred in the decreased BMI groups of both sexes. This finding, in addition to the finding that the low BMI groups of both sexes had the highest mean HDL-C levels, indicates that maintaining low BMI and reducing BMI had favorable effects on HDL-C levels of the population examined.
Previous studies have suggested that weight control may help prevent arteriosclerotic disease (Yatsuya, 2010) and that HDL-C markedly influences the risk of arteriosclerotic disease (Tanabe, 2010) . We believe our findings support these results.
Changes in LDL-C Levels
In both sexes, increased BWt was associated with increased serum LDL-C levels and decreased BWt with decreased levels. The 2006 NHNSJ study reported that total serum cholesterol levels and percentages of participants who were aware of having high serum cholesterol levels increased in both sexes over the 10-year study period. Our findings suggest that informing individuals about the benefit of BWt reduction in preventing a rise in total serum cholesterol levels and in reducing LDL-C levels may encourage them to stay in shape and lose weight. While we did not inquire about participants' daily activities, dietary habits, or efforts towards losing weight or reducing LDL-C, BWt reduction was associated with a decrease in LDL-C, and this finding may encourage ordinary people to stay in shape and lose weight. Previous studies have suggested that weight control may help prevent arteriosclerotic disease (Yatsuya, 2010) and that LDL-C markedly influences the risk of arteriosclerotic disease (Karthikeyan, 2009; Sever, 2003; Okazaki, 2004) ; we believe our findings support these results.
Changes in FBG and HbA1c
Although not as dramatic as their effect on SBP and LDL-C levels, increases in BWt clearly had minor but still unfavorable effects on both FBG and HbA1c levels. While the results did not clarify the means of change or amount of change necessary to do damage, they do suggest that negligible changes in BWt can lead to non-negligible changes in FBG and HbA1c levels in the long term. From the viewpoint of early intervention for prevention, increases in these parameters should be regarded as warning signs of MS and MS-related disorders. Previous studies have reported a significant relationship between the risk of diabetes and BMI (Boffetta, 2011) ; we believe our findings support these results.
Study Limitations
Several limitations in our study warrant mention. First, we used relatively arbitrary criteria to divide subjects into groups for analysis. However, given that the study results largely agreed with previous findings, we feel these criteria were appropriate. Further, as the WHO criteria for obesity have been reported to be unsuitable for the Asian population (WHO Expert Consultation, 2004; Stevens, 2003; Kagawa, 2006; Examination Committee, 2002) , we feel that our usage of unreported but appropriate criteria was well founded and that our criteria might be applicable to other Asian populations with BMI distributions similar to that of the Japanese. Second, because we only examined BWt, the effects of other factors on parameter levels such as daily exercise were not taken into account. Third, we conducted relatively little follow-up over the course of the study-we only examined the parameters at baseline and at the end of the study. More frequent follow-up should be conducted in future studies to provide an accurate picture of any changes. Fourth, regarding descriptive data, we only examined age and sex; future studies should incorporate more variables to further enrich the data set.
Regardless of these limitations, we believe that our study involving a relatively large number of subjects and parameters compared with previous studies of the Japanese population with similar results (Ishikawa-Takata,
Conclusions
Our findings suggest that reducing BWt can help to control BP, serum lipid profiles, and blood sugar levels, while gaining BWt has unfavorable effects on these parameters. In the present study, the values of the examined parameters remained within the normal range in subjects despite BWt changes, although the long-term effects of these changes remain to be elucidated through long-term follow-up studies. Taken together, these findings suggest that maintaining a BWt that is appropriate for an individual's height or decreasing BWt has favorable effects on MS risk factors. These findings can be applied to clinical practice for the prevention and management of MS and MS-related disorders to benefit the Japanese population and potentially other populations as well.
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